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SUMMARY 


The Radar Cross Section data for the Haves TRX-11, TPT-SA and TPT-SL towed targets is 
extracted from another DSTO paper to enable its use in computer simulations and as an aid 
in the analysis of telemetry data. Tables of interpolated radar cross section data for the 
vertically co-polarised case are included for each target. 
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1, INTRODUCTION 


Part of the information included in this document has been extracted form another DSTO 
document (reference 1), with all reference to classified material removed. The radar cross 
section data for the vertically co-polarised case has been interpolated and extrapolated to 
produce look-up tables for each target. 


System reliability testing and air and ground crew training for missile systems involves a 
number of missiles being fired each year against simulated threats. These air threats are 
simulated by Hayes Universal Towed Target System (HUTTS) components, namely the 
TRX-11 and the TPT-SA towed targets. The firings take place at the Jervis Bay Missile 
Range (JBMR) using the Jindivik drone as the tug with missile telemetry being recorded 
at ground stations by the Royal Australian Navy Trials Assessment Unit (RANTAU). The 
TRX-11 tow is a radar target with its radar cross section (RCS) passively enhanced in the 
forward direction by a Luneburg lens. The TPT-SA is primarily an infrared (IR) target but 
does have some passive forward RCS enhancement by means of a cluster of corner 
reflectors, to assist in tracking of the target. Th. measurement of RCS of a TPT-SA target 
with a cluster of comer reflectors replaced by a Luneburg lens (noted for reference as 
TPT-5L) is also included. 


2. THE HAYES TOWED TARGET SYSTEM 


The Haves Universal Towed Target System (HUTTS) targets are manufactured by Faves 
International Corporation, Leeds, Alabama, USA and arrive in kit form to be assembled by 
the end user. These targets are used for the practice warhead and telemetry firings of the 
AIM-7M Sparrow and AIM-9L Sidewinder at JBMR and are flown from the Jindivik 
drone using a purpose developed launcher rail made by ASTA in Melboume. 


The fibreglass with polyester resin tow body has an internally mounted tow reel, 
mechanically controlled by a reel and brake assembly, to provide towline payout when the 
target is streamed. The 8000 feet towline is released at the tug when the mission has been 
completed or the target has been destroyed. 


The TRX target shown in figure 1 is designed to be used with any gun or missile weapon 
system that requires a specific radar signature for acquisition, tracking, ranging, guidance 
and/or fusing. The TRX-11] target uses passive radar cross section augmentation by means 
of a Luneburg lens selected to be representative of the desired target type. At JBMR the 
RA-1420-1 Luneburg lens, of 22.2 cm diameter, with a minimum radar cross section for 

10 GHz vertical-vertical polarisation and monostatic angle is of the order of 5 square 
metres in the forward 30 degree view angle away from the major axis. This Luneburg lens 
can only be mounted facing forward since it is too large to rotate inside the target body. 


The TPT target is the infrared augmented target of the Hutts family. This target is 
augmented at infrared wavelength by a propane-fired source operated at approximately 
1135 degrees celsius. The infrared emitting surface is approximately 8.5 inches in diameter 
and 9 inches long and has a plume deflecting plate at the rear of the assembly. The 
approximate output of the infrared augmentor is 400 watts per steradian in the 1.8 to 2.8 
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Figure 1. Outline of TRX-11 radar enhanced target. 


micron band and 250 watts per steradian in the 3 to 5 micron band. Some forward radar 
cross section enhancement by a cluster of corner reflectors is provided to assist in radar 
detection and tracking of the target. 


3. RADAR CROSS SECTION MEASUREMENTS OF THE HUTTS TARGETS 


The radar cross sections of the TPT-5A, TPT-5L and the TRX-11 targets were measured 
and the data plotted for reference in Appendix I. The TPT-5L target is discussed in section 
4, 


The TRX-1I1 has it’s radar cross section enhanced by means of a Luneburg lens mounted 
under a plustic aerodynamic nose cone. Figure 1 shows the structure of the TRX-11 target 
with a metal hemispherical reflector at the rear, covered by an aerodynamic tail cone, and 
another metal hemispherical reflector forward of the tow reel. The theoretical radar cross 
section for the Luneburg lens, given as 12.7 dBm’, is siguificantly larger than the radar 
cross section for the metal hemispherical reflectors, given as -14.4 dBm’, both for 10 GHz 
frequency radiation, and thus can be taken to be the dominant feature of the radar cross 
section for the TRX-11 target (Ref 2). 


The original TPT-SA infrared target is radar cross section enhanced in the forward 
direction by a cluster of comer reflectors. This cluster can be thought of as three 
orthogonal flat discs of metal, meeting at their common centres, resulting in eight corner 
reflectors equally spaced over the surface of a snhere. Each of the comer reflectors has a 
theoretical radar cross section at 10 GHz of 3.5 dBm’. The cluster of corner reflectors are 
mounted so that the common axis of a pair of discs coincides with the tow’s axis and so 
that one of the discs is in the vertical plane. 


Both targets have plastic bodies and have mounted in them the metal spool and brake 
system for the tow wire. The TPT-5A target has in place of the rear hemispherical 
reflector the infrared enhancing propane plume generator. Six fins are mounted on both 
tows oriented so that a pair of fins are horizontal in level flight. The tows have a number 
of axes of symmetry so that measurements at 60 degree intervals about the major axis 
repeat themselves if the dominant sources of reflection are the fins and the corner reflector 
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or Luneburg lens. This is not strictly tue since the plasuc body and contents of the tow. 
the tow wire spool and plume generator, will contribute to the reflections. It was, however, 
considered sufficient to perform measurements at tow roll angles, being 0 degrees and 90 
degrees. Measurements were made for three different polarisation orientations, namely 
vertical-vertical (vv), horizontal-horizontal (hh), ie. co-polarised for vertical and horizontal 
polarisation, and vertical-horizontal (vh), i.e. cross polarised, at bistatic angles (the angle 
of illuminator-target-receiver) of 0, 10, 20 and 30 degrees for both targets. Additional co- 
polarised measurements were made for the TRX-11 at bistatic angles of 5 degrees and 15 
degrees. These measurements were made at a single frequency, namely 10 GHz. 


The target was mounted on a turntable with its major axis honzontal and the turntable was 
rotated about the vertical axis. The transmitting and receiving aerials were separated on 
the circumference of a large radius circle to subtend the chosen bistatic angle. Zero 
degrees roll corresponds to the normal orientation of the tow with the tow wire emerging 
through the tow’s top surface. The vv measurements with the roll angle of zero 
corresponds to an azimuth plot of radar cross secuon and the hh measurements with a roll 
angle of 90 degrees corresponds to a vertically polarised elevation plot. 


It should be noted that the angle scale used in the plots and elsewhere are relative to the 
tow axis, the major axis of the target. The bisector of the bistatic angle, the direction 
about which the plots would be expected to be symmetrical, is at an angle of minus half 
of the bistatic angle. 
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Figure 2. The RCS of the TRX-11 and TPT-5A for the monostatic case. 
(Azimuth plot with roll angle zero) 


Figure 2 shows the RCS for both the TRX-11 and TPT-5A for the monostatic case. The 
data for these plots has also been processed to give the mean, the standard deviation and 
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the maximum and minimum RCS over 20 degree angular intervals and also for the full 
+/-60 degrees (Tables 1 - 2). The mean radar cross section for 20 degree intervals has 
been plotted against the bistatic angle in figures 3 and 4. 


The measured monostatic radar cross sections of both the TPT-SA and the TRX-11 targets 
are both somewhat lower than their theoretical values. In the case of the TRX-11 this is 
due to the lens being designed to increase the angular coverage which also causes the 
maxima to occur off axis. 


The results demonstrate that the TRX-11 has a significantly greater radar cross section 
than the original TPT-5A and that the radar cross section is reduced by increasing the 
bistatic angle. Appendix II shows the plots of the cross polarised radar cross sections of 
both target types at bistatic angles of zero to 30 degrees. If the cross polarised return from 
the target is significantly larger than the co-polarised return then this can cause a "Cross 
Polarised Doublet". This is a gradual movement of the apparent target position in one 
direction followed by a sudden change in apparent target position in the opposite direction 
with a final gradual return to the real position. A Cross Polarised Doublet can cause a 
significant miss distance if it occurs in the last few moments of an engagement. The target 
illumination from the aircraft is vertically polarised but if the aircraft or missile rolls a 
component of horizontal, cross polarisation is produced. It 1s clear that a Cross Polarised 
Doublet is likely to be produced if the co- and cross polarised radar cross sections are 
comparable. This situation occurs for the TPT-5A at large aspect angles and/or large 
bistatic angles but in the case of the TRX-11 only for a combination of large bistatic 


angles and large aspect angles. 
Maximum 
(degrees) 
RCS dBm? RCS dB’ 
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Table la. Summary of the RCS data for the TPT-5A for the monstatic case. 


TPT-SA Monostatic 


Standard 
Deviation 
RCS dBm’? 


Minimum 


Aspect Angle 


TPT-5A_ 10 degrees Bistatic 


Standard 
Deviation 
RCS dBm’ RCS dBm? RCS dBm? RCS dBm* 


0a 


Table Ib. Summary of the RCS data for the TPT-5A for the 10 degrees bistatic case. 


Aspect Angle Minimum Maximum 


(degrees) 


| TPT-5A 20 degrees Bistatic 


Standard 
Deviation 
RCS dBm? 


3.78 


Aspect Angle Mean Minimum Maximum 


(degrees) 


RCS dBm? 
-15.80 


RCS dRm? 
-7.29 


RCS dBm’ 


-60 +-10 
-40 +--10 
-20 +-10 
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Table Ic. Summary of the RCS data for the TPT-5A for the 20 degrees bistatic case. 


| TPT-5A 30 degrees Bistatic 
Aspect Angle Standard Maximum 
(degrees) Deviation 
RCS dBm’ RCS dBm’ RCS dBm’ RCS dBm? 
-40 +\-10 -16.84 6.61 -28.60 -5.70 | 
0 +\-10 -17.69 -28.00 -10.00 
on 


Table Id. Summary of the RCS data for the TPT-5A for the 30 degrees bistatic case. 
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Figure 3. A plot of the average RCS for the TPT-5A over a 20 degree arc centred on the 
given aspect angles against increasing bistatic angle. 


TRX-I11 Monostatic 
Aspect Angle Mean Standard Minimum Maximum {| 
(degrees) Deviation f 
RCS dBm? RCS dBr? RCS dBm? RCS dBm? | 
-60 #10 10.90 
-40 +\-10 11.20 1.21 8.30 13.10 


nats 620 ee 
20 +-10 1.85 5.40 12.30 
40 +-10 11.26 1.45 6.80 13.50 
60 +\-10 5.62 -7.80 11.80 
0 +\-60 2.13 4.60 13.50 


Table 2a. Summary of the RCS data for the TRX-11 for the monostatic case. 


TRX-11 5 degrees Bistatic 
SS 


Aspect Angle Mean Standard Minimum Maximum 
(degrees) Deviation 
RCS dBm? RCS dBm’ RCS dBm’ RCS dBm’ 


20 +-10 
60 


Table 2b. Summary of the RCS data for the TRX-11 for the 5 degrees bistatic case. 


—= 
| TRX-11 10 degrees Bistatic 


| Aspect Angle Mean Standard Minimum Maximum | 


(degrees) Deviation 
RCS dBm’ RCS dBm’ RCS dBm? RCS dBm? 


Table 2c. Summary of the RCS data for the TRX-11 for the 10 degrees bistatic case. 


| TRX-11 15 degrees Bistatic 


Aspect Angle Standard Minimum Maximum 
(degrees) Deviation 
RCS dBm’ RCS dBm? RCS dBm’ 


Table 2d. Summary of the RCS data for the TRX-I1 for the 15 degrees bistatic case. 


TRX-11 20 degrees Bistatic 


Aspect Angle Standard Minimum Maximum 
(degrees) Deviation 


RCS dBm? RCS dBm? RCS dBm? 


Table 2e. Summary of the RCS data for the TRX-11 for the 20 degrees bistatic case. 


Aspect Angle Standard Minimum Maximum 
(degrees) Deviation 
RCS dBm? RCS dBm? RCS dBm? 


-6.88 


-10.97 


Table 2f. Summary of the RCS data for the TRX-11 for the 30 degrees bistatic case. 
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TRX11 


Aspect Angie 


RCS (dBmi’) 


Bistatic Angle (°) 


Figure 4. A plot of the average RCS for the TRX-11 over a 20 degree arc centred on the 
given aspect angles against increasing bistatic angle. 


4. THE MODIFIED HUTTS TPT-5SL ENHANCED TARGET 


The main difference between the TPT-5A and the TRX-11 targets for use against a 
semiactive radar homing (SARH) missile is the different methods used to enhance the 
radar cross section. It has also been demonstrated that the major contribution to the radar 
cross section in the forward direction of the TRX-11 target is the Luneburg lens carried 
under the nose cone. Thus the hypothesis that replacing the cluster of corner reflectors 
with a Luneburg lens in the TPT-5SA target will result in enhancing the radar cross section 
of the target while not effecting the designed infrared enhanced target role. This target has 
been referred to as TPT-5L. 


To test the hypothesis the radar cross section of a TPT-SL was measured. The TPT-5L 
was made by taking the nose assembly (radar enhancer and nose cone) from the TRX-11 
and mating it to the TPT-5A target, both of which were available at DSTO Salisbury. 
These measurements used the same experimental arrangements as for the original radar 
cross section measurements of the TPT-5A and TRX-11 working at 10 GHz. Data was 
taken for vertical-vertical (vv) polarisation for target roll angles of 0, 30, 60 and 90 
degrees, and for horizontal-horizontal (hh) polarisation for the target roll angle of 90 
degrees. This was repeated for bistatic angles of 0, 5, 10, 15, 20, 25 and 30 degrees (Plots 
of RCS in Appendix I). 


~iee for TPT-5L 


RCS (dBm?) vs Aspect Angle 
) sr 8 Monstauc 


Figure 5. The RCS for the TPT-5L for the monostatic case. 
(Azimuth plot with roll angle zero) 


Analysis of these results show a marked similarity in the radar cross section in the forward 
direction between the Hutts TRX-11 and the radar enhanced TPT-5L. This confirms the 
original hypothesis the Luneburg lens dominates the radar cross section of the TRX-11 
target, a Summary of the data is given in Table 3 and in figures 5 and 6. 


TPT-SL Monostatic 


Aspect Angle Mean Standard Minimum Maximum 
(degrees) Deviation 
RCS dBm’ RCS dBm’? RCS dBn* RCS dBm‘ 


60 +\-10 


ooo | se ft 


Table 3a. Summary of the RCS data for the TPT-5L for the monostatic case. 


TPT-5L 5 degrees Bistatic 


Aspect Angle Standard Minimum Maximum 
(degrees) Deviation 
RCS dBm’ 


Table 3b. Summary of the RCS data for the TPT-5L for the 5 degrees bistatic case. 


TPT-5L 10 degrees Bistatic 


Aspect Angle Standard 
(degrees) Deviation 
RCS dBn?’ 


Aspect Angle SE Standard Maximum 
(degrees) Deviation 
RCS dBm’ RCS dBn’ RCS dBm’ 
20 #10 
axe [on 


Table 3d. Summary of the RCS data for the TPT-5L for the 15 degrees bistatic case. 


Aspect Angle Standard Maximum 
(degrees) Deviation 
RCS dBn?* RCS dBm? 


eam Te (7 


wl 
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Table 3e. Summary of the RCS data for the TPT-5L for the 20 degrees bistatic case. 


| TPT-SL 25 degrees Bistatic | 


Standard 
Deviation 
RCS dBm? RCS dBm? RCS dBm’ RCS dBm? 


Tan | nw | aw |e ts 
Se 


Table 3f. Summary of the RCS data for the TPT-5L for the 25 degrees bistatic case. 


Aspect Angle Minimum Maximum 


(degrees) 


15 


TPT-5L 30 degrees Bistatic 


Aspect Angle Standard 
(degrees) Deviation 
RCS dBr’ 


-40 +--10 -12.61 ; . 
[ae | 066 | 


Table 3g. Summary of the RCS data for the TPT-5L for the 30 degrees bistatic case. 
TPTSL 
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Figure 6. A plot of the average RCS for the TPT-5L over a 20 degree arc centred on the 
given aspect angles against increasing bistatic angle. 
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5. COMPUTER SIMULATION OF TRIAL ENGAGEMENTS 


Computer simulation can be used to model engagements between a semi-active radar 
homing missile and a training target. Such a model requires a RCS value for the target for 
a given aspect angle and bistatic angle combination. 


The radar cross sections for the TPT-5A, TPT-5L and TRX-11 training targets were 
measured for aspect angles -179.5 to 179.5 degrees in 0.5 degree steps and for the 
following bistatic angles. For the TPT-SA target 0,10,20 and 30 degrees, for the TPT-S5L 
0,5,10,15.20,25 and 30 degrees and for the TRX-11 0,5,10,15,20 and 30 degrees. As it is 
not practical to obtain RCS values of all bistatic angles by measurement interpolation of 
the data was carried out to produce RCS values for bistatic angles in one degree steps. 
Some time after RCS measurements were taken for each target it became apparent that 
RCS values up to a bistatic angle of 40 degrees may be required in simulated 
engagements, hence the data was extrapolated. 


The measured RCS data was input to a computer program which produced output 
including EasyPlot macro statements. EasyPlot [3], a scientific plotting and data analysis 
computer package, was then used in batch mode to produce a natural cubic spline fit of 
the bistatic angle vs. RCS data for each given aspect angle. 


Each set of cubic spline data was saved on a file and used as input to another computer 
program which extrapolated the data and produced a look-up table of RCS values for 
bistatic angles 0 to 39 degrees and aspect angles -179.5 to 179.5 degrees for each training 
target. Some examples of the cubic spline and extrapolated data for the TPT-5A target are 
given in figure 7 below. The look-up tables of RCS values for the three targets are 
reproduced in appendix 3. 


Tne ACS of tne TPTSA towed targe 


AOS (AA? 


Bistanc Angle ©) 


Figure 7. Cubic Spline fit of RCS data extrapolated to 39 degrees. 
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It should be noted that as the original RCS data is very spiky and bistatic angle 
measurements relatively sparse, caution should be used when extracting values from the 
look-up tables. In particular using the extrapolated data is risky. It is suggested therefore. 
that when extracting RCS values from these tables that a 2D five point weighted average 
calculation should be carried out. For example, consider element (i,j) of the table, calculate 
a weighted average as follows : 


(2(i,j) +{-1,J)+G+1,j)+(,j-1+G,j+1) }/4}/3 


6. CONCLUSION 


The lookup tables for bistatic RCS produced in this document from a limited set of 
measured data will be useful when modelling engagements between a semi-active homing 
missile and the Hayes training targets. 
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Appendix I 
RADAR CROSS SECTIONS FOR TPT-5A, TRX-11 AND TPT-5L TARGETS 
(Vertically Co-Polarised) 
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Appendix II 
RADAR CROSS SECTION PLOTS FOR TPT-5A AND TRX-11 TARGETS 
(cross polarised) 
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10 degrees bistatic 
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RADAR CROSS SECTION TABLES OF FITTED DATA FOR HAYES TARGETS 
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